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Abstract

Fontan-associated liver disease (FALD) is a ubiquitous complication in patients with Fontan physiology. Optimal monitoring of
FALD development typically starts with imaging. Liver stiffness values can help guide therapy and can act as a surrogate for

disease severity. When nodules are present, they can be challenging. Looking for a lesion that behaves differently than other
lesions is the best way to identify hepatocellular carcinoma.
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Case Summary

A teenage male with a history of
hypoplastic left heart syndrome and
staged surgical repair, including Fontan
procedure with subsequent closure of the
Fontan fenestration to improve his resting
oxygen saturation, underwent routine
imaging surveillance for Fontan-associ-
ated liver disease (FALD). Two years
prior, the liver MRI demonstrated findings
concerning for advanced FALD (stage 3-4)
fibrosis. Presently he is feeling well and
has increased energy; however, he has
low exercise capacity. Additionally, he
is receiving growth hormone for growth
delay and short stature.

Imaging Findings

US of the liver with elastography
(Figure 1) demonstrated heterogeneous
echotexture and a shear wave elastography
Elast-PQ average velocity of 2.15 m/second
in the right lobe, categorized as advanced
fibrosis/cirrhosis suspected. Focal hepatic
lesions were not identified.

An MRI of the abdomen with
and without Eovist intravenous con-
trast and MR elastography was per-
formed (Figure 2). There is diffuse
hepatic heterogeneous signal intensity on
T2-weighted images and heterogeneous
enhancement. Additionally, innumerable
sub-centimeter parenchymal nodules with
enhancement greater than the background
liver on the hepatobiliary phase imaging
were present out to 30 minutes following
contrast administration, which suggests
focal nodular hyperplasia (FNH)-like
lesions. The mean shear stiffness value
for the liver was calculated at 5.2 kPa
(stage 4 or cirrhosis). There is no contrast
washout in the lesions during the portal
phase nor delayed phases of imaging to
suggest hepatocellular carcinoma (HCC).

Because of imaging findings of
progressive hepatic fibrosis following
closure of the Fontan fenestration, repeat
hemodynamic assessment of the Fontan
pressure was requested, as well as a liver
biopsy (Figure 2).

In the early stages of FALD, abdomi-
nal US may reveal a normal or slightly
hypoechoic hepatic parenchyma. As
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fibrosis progresses, a coarse heteroge-
neous hyperechoic parenchyma with a
nodular surface is observed, and caudate
lobe hypertrophy may also be seen.

Diagnosis

FALD

Discussion

The Fontan procedure is an opera-
tion that shunts blood from the sys-
temic venous system to the lungs
without first traveling through a ventricle.
Multiple iterations of the procedure exist.
However, the original procedure involves
an anastomosis of the right atrium to the
pulmonary artery. It can be performed
for multiple different types of congeni-
tal heart diseases with a single-ventricle
physiology.>” Due to increased long-term
survival, the number of patients living
with a Fontan circulation continues to
grow. In 2018, it was estimated that there
were 50,000-70,000 patients living with a
Fontan physiology.*

Long-term survival of patients with
Fontan circulation has translated to
increased complications. The Fontan
procedure alters native circulation by
increasing central venous pressure and
decreasing cardiac output. This causes
numerous downstream consequences.
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Figure 1. Liver US with shear wave
elastography measurement in the right lobe of
the liver.
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Figure 2. AX T1 XD post-contrast MR of the
liver at 30 minutes demonstrates innumerable
sub-centimeter foci with enhancement that is
greater than the background liver, suggesting
focal nodular hyperplasia-like lesions (blue
arrows).

Over time, the elevated central venous

pressures, which are similar in physiol-
ogy to hepatic venous outflow obstruc-
tion, result in arterialization of hepatic
blood flow, leading to increased liver
stiffness.! These impeded hepatic flow
dynamics resultin a spectrum of structural
and functional liver alterations, known
collectively as FALD. This spectrum

of congestive hepatopathy can lead to
liver fibrosis, cirrhosis, and liver lesions
including HCC.

FALD occurs in virtually 100% of
patients after a Fontan procedure, with the
severity of liver disease increasing with
age and the time since the operation.®
Algorithms have been proposed to screen
for advanced liver disease. However, there
are no data related to the efficacy of these
algorithms and their impact on patient
outcomes or detection of HCC.*"

US or MR elastography is performed to
assess liver stiffness. The stiffness value
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helps provide an estimate of the severity
of liver congestion and fibrosis. While
the stiffness value cannot distinguish
congestion and fibrosis, the anatomic
findings can help provide context. On US,
hepatic fibrosis can appear as coarsened
hepatic echotexture. In more advanced
diseases, the liver can have a nodu-

lar contour, and multiple nodules may
be present. On MRI, fibrosis appears
with wispy T1 hypointense/T2 hyperin-
tense signal, most notable at the liver
periphery. As the fibrosis progresses, the
abnormal signal becomes thicker and
distributed throughout the liver. Nodules
may be present throughout the liver. These
nodules are variable in signal depend-
ing on their etiology. Potential types

of nodules include regenerative nodules
(RNs), dysplastic nodules (DN), FNH-like
lesions, hepatocellular adenomas (HAs),
and HCC. RNs are caused by chronic
elevation of central venous pressure and
consequent passive hepatic congestion.
This leads to reduced blood flow to areas
of the liver, especially the centrilobu-

lar zones, and reduced oxygen deliv-

ery to hepatocytes, resulting in reactive
fibrogenesis and scarring. The liver
compensates for damaged tissue by
forming hyperplastic nodules of liver
cells. RNs appear as multiple round,
sharply defined nodules throughout the
liver. On post-contrast CT and MRI,

the nodules enhance like normal liver

in portal venous and delayed phases.®
Arterial phase enhancement is usually
absent or minimal and increases with
the degree of dysplastic transformation.®
DNs are RD usually > 1 cm, with atypical
cells and histologic disorganization and
are considered pre-malignant lesions of
HCC. FNH-like lesions are histologically
the same as FNH but associated with an
abnormal liver. FNH is a benign liver
tumor characterized by a proliferation of
normal hepatocytes that are disorganized
around a central scar. HAs are benign
tumors and are histologically distinct
nodules of mature hepatocytes and lack
portal tracts and unpaired arteries. HAs
are usually associated with the use of

oral contraceptives, and they can also be
found in patients with FALD. The imaging
features include a variable appearance but
are usually hyperintense compared with
the liver on T1 and T2 sequences because
of increased fat content.® The risk of HCC
isincreased in patients with cirrhosis, with
the incidence estimated to be 1.5-5% per
year and has a mortality rate of about 30%.
The 30-year cumulative incidence of HCC
after a Fontan operation is about 7%.
Because HCC is in the differential
diagnosis for hepatic nodules, it is crucial
to try to differentiate it from other lesions.
Unfortunately, there are no reliable
criteria to make the diagnosis. In adult
patients, the Liver Imaging Reporting and
Data System (LI-RADS) criteria are used
to help identify lesions concerning for
HCC. However, the LIRADS criteria do not
apply to patients with cardiac disease or
children. Prior studies in children have
shown that the LIRADS criteria are neither
sensitive nor specific for distinguishing
HCC from other lesions.’ The best way to
identify lesions at risk for HCC is to look
for lesions that differ from the others. Key
findings include a lesion within a lesion,
lesional washout of contrast on the delayed
venous phase, and lack of retained contrast

10,11

on the hepatobiliary phase of imaging.

Conclusion

FALD is a ubiquitous complication in
patients with Fontan physiology. Optimal
monitoring of FALD development typically
starts with imaging. Liver stiffness values
can help guide therapy and can act
as a surrogate for disease severity.

When nodules are present, they can be
challenging. Looking for a lesion that
behaves differently than other lesions is
the best way to identify HCC.
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